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Preface
Over the past few years, we have seen a rapid development in the theory, the
modelling, and the analysis of hybrid discrete-continuous systems. Hybrid discrete-
continuous behaviour arises when discrete and continuous dynamic processes be-
come connected, as in the case of embedded computers and their physical environ-
ment. Whenever the embedded systems interface to their physical environments,
the computers may interact with their context in a complex and often safety-critical
manner, having sensitive variables of the environment in their spheres of control.
The quest for understanding and managing this complexity has sparked brilliant re-
search, most of which, however, has taken the model of the environment for granted.
While this assumption is reasonable both in the context of scientiﬁc theory develop-
ment, where it permits to focus on the emergent eﬀects of cyber-physical interaction,
and in many practical applications, where the environment often can be considered
structurally static and its dynamics understood, we are beginning to see its limita-
tions when it comes to autonomous systems.
In the eﬀort to make technical systems more ﬂexibly applicable and more ro-
bust against unforeseen changes in their application conditions, autonomy in the
sense of unsupervised adaptation to varying and partially unexpected environments
has become a key enabler. Autonomous systems must operate with limited hu-
man intervention in a changing environment and they must be able to compensate
for signiﬁcant system failure without external intervention. In highly autonomous
systems, the system behavior is usually so complex or so rich in behavioural alterna-
tives that it is either impossible or inappropriate to provide a closed-form descrip-
tion with conventional mathematical system models. Nevertheless, the germs for
adequate description techniques and pertinent theories are certainly to be sought
within the successful models and theories of the ﬁeld, bridging the theories of hybrid
systems and of probabilistic and stochastic system models, plus mathematical game
theory with analytic techniques for and engineering approaches to fault-tolerance,
autonomy, adaptivity, and self-stabilisation of technical systems.
It was our pleasure to welcome experts from all the aforementioned ﬁelds to the
ﬁrst workshop on Hybrid Autonomous Systems, held at Saarbru¨cken as an aﬃli-
ated event to ETAPS 2011. It was a stimulating workshop, featuring keynotes by
Joost-Pieter Katoen (RWTH Aachen, Germany) on Verifying Autonomous Stochas-
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tic Hybrid Systems Against Automata Objectives, by Holger Voos (University of
Luxembourg) on Development of Safe Autonomous Systems, and by Mike Hinchey
(Lero-the Irish Software Engineering Research Centre, Ireland) on Next Generation
Space Exploration Missions, as well as eight technical talks covering the domain.
Five of these presentations are covered in depth by the articles in this volume.
These proceedings are published in the series Electronic Notes in Theoretical
Computer Science (ENTCS). We are grateful to ENTCS for their continuing sup-
port, in particular to Mike Mislove, Managing Editor of the ENTCS series. Thanks
also go to Christian Herde and Gerald Sauter for managing the compilation of these
proceedings, the referees for guaranteeing the technical quality of the submissions,
and to Manuela Bujorianu for conceiving the HAS workshop series.
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